Objective: To determine the rate of stillbirth and neonatal death reporting and testing for Ebola virus during the 2014-2015 Ebola virus disease (EVD) outbreak in Sierra Leone.
| INTRODUCTION
The 2014-2015 Ebola virus disease (EVD) outbreak was the first to occur in West Africa and the largest recorded to date. A total of 14 124 people were affected by EVD in Sierra Leone, with a fatality rate of 28%.
1
Despite the size and scope of the EVD outbreak, little is known about its effect on the delivery of maternal and child health (MCH) services and other health outcomes in Sierra Leone. There were reports that pregnant women avoided healthcare facilities during the outbreak owing to distrust and fear of contracting EVD.
2 Similar to Sierra Leone, available data also indicated a decline in the use of MCH services, including prenatal care visits, treatment of pregnant women for malaria, deliveries in a healthcare facility, and outpatient pediatric visits, during the EVD outbreak in Guinea and Liberia. [3] [4] [5] [6] Reduced facility hours, facility closures, and service suspensions were regional and could be facility-specific, suggesting that the impact was not uniformly distributed across the region. 3, [5] [6] [7] This article has been contributed to by US Government employees and their work is in the public domain in the USA.
Two reports from previous outbreaks indicate that pregnant women with EVD are at increased risk of severe illness and death, and that fetal and neonatal outcomes are very poor, with no previously documented neonatal survivors beyond 19 days of life. 8, 9 Five case reports and four small descriptive cohort studies identified 13 pregnant women with EVD during the outbreak in West Africa, of whom eight survived, four died, and one had an unknown outcome. [10] [11] [12] [13] [14] [15] [16] [17] Among the pregnancies reported, all except one ended in spontaneous abortion, fetal loss, or neonatal loss. [10] [11] [12] [13] [14] [15] [16] [17] [18] However, one neonate that had been exposed in utero was declared EVD-free after treatment with two experimental drugs and at 12-months of age, she showed age-appropriate neurodeveolpment with absent pathology.
18
Before the EVD outbreak, Sierra Leone had made substantial progress regarding several MCH indicators. 19 Nonetheless, this country still had one of the highest mortality rates worldwide for mothers, infants, and children aged younger than 5 years.
19-21
According to the 2013 Sierra Leone Demographic and Health Goals that aimed to reduce the mortality rate for children aged younger than 5 years by two-thirds, reduce the maternal mortality ratio by three-quarters, and achieve universal access to reproductive health.
20
Although the effect of the EVD outbreak on MCH service delivery and outcomes in Sierra Leone is unclear, data collected through national surveillance for deaths during the outbreak can provide some insight into the number of stillbirths and neonatal deaths that occurred during that period. In October 2014, the Government of Sierra Leone required, through the Safe and Dignified Burial
Mandate, that all deaths nationwide be reported and investigated,
and all the deceased be tested for Ebola virus and safely buried. 22, 23 The data collected under this system provide a unique opportunity to assess stillbirths and neonatal mortality that occurred during the EVD outbreak.
The objective of the present study was to determine the number of stillbirths and neonatal deaths that underwent Ebola virus testing during the outbreak in Sierra Leone, as well as the proportion of such deaths that could be attributed to EVD.
| MATERIALS AND METHODS
A cross-sectional study was performed using information from the Sierra Leone National Ebola Laboratory database to identify all stillbirths and neonatal deaths that had been tested for Ebola virus from exploratory analysis of the data was performed to develop a comprehensive list of terms used in the free text comment field to identify such events. A confirmed stillbirth was then defined as any laboratory record that contained the word "stillbirth" or "stillborn" and had either a stated age of zero or no information given on age. A probable stillbirth was defined as either any record that gave an age of zero but did not contain the words "stillbirth" or "stillborn" in the free text comment field or any record that contained the word "stillbirth"
or "stillborn" and listed the age as older than zero but younger than 1 month. A neonatal death was defined as any record that listed the age as 1 month or younger (but higher than zero), did not contain the words "stillbirth" or "stillborn," and had a specimen type listed that was consistent with postmortem testing (tissue sample, oral swab, or cardiac puncture).
As the Sierra Leone National Ebola Laboratory database contains records of all tests performed, an individual who was tested multiple times for EVD could have multiple records. Therefore, the database was manipulated to create a dataset with one record per individual:
any records marked "repeat," "retest," or "follow-up" were removed.
In all, 11 384 duplicate records ( 
| 227
OduyebO eT AL.
The Sierra Leone National Ebola Laboratory database was downloaded on October 18, 2015. All analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC, USA).
| RESULTS
A total of 104 662 samples were tested for Ebola virus during the present study period. Of these, 65 585 (62.7%) tests were performed postmortem. As shown in Table 1 closures, and service suspensions were both regional and facilityspecific.
3 Consequently, comparisons of numbers across districts should be made with caution.
In the present study, three stillbirths tested positive for Ebola virus, with additional information available for two of these deaths. Data were restricted to the period with stable numbers of stillbirths and neonatal deaths reported and tested for Ebola virus using the reverse transcription polymerase chain reaction (April 27 to October 18, 2015) . Excludes data with missing information on the district of death.
e Denominator for the percentage of observed tests that were stillbirths and neonatal deaths was the district-specific number of deaths tested. these cases has been previously published. 13 These cases raise con- tested, the present study could not link stillbirths and neonates to their mothers from the available information. Nonetheless, the weakening of the healthcare infrastructure and care-seeking delays among pregnant women because of fear during the EVD outbreak are welldocumented and could have led to increased stillbirths and neonatal deaths from causes known before the outbreak. 6, 25 In conclusion, the findings of the present study indicated that it is both possible and important to collect data on MCH indicators during catastrophic infectious disease outbreaks that might result in disruption of the routine healthcare infrastructure. Although the overall occurrence of EVD among stillbirths and neonatal deaths was low in the present study, an alarming number of such events continued to be reported toward the end of the outbreak. During future EVD outbreak responses, consideration should be given to ensuring that routine MCH services continue. In addition, programs focused on preventing the usual causes of stillbirths and neonatal deaths should be prioritized in the post-outbreak period.
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